Electrical impedance of a bullfrog ventricle was recorded epicardially by the V-I method and the bridge method together with an electrocardiogram (ECG) and a contraction curve, in terms of shortening. Impedance change during one cardiac cycle of a contracting ventricle corresponded completely to the contraction curve in its time course: impedance decreased during systole and attained minimum at the peak of contraction, and the durations of both curves were almost identical. The ratio of impedance just before T-wave to that just after R-wave (|ZT|/|ZR|) of an in situ heart was increased when the ventricle contracted isovolumetrically by means of mineral oil: the ratio was far less than 1.0 in control ventricle, while it was more than 1.0 in oilfilled one (2/3 cases). Upon isometric condition or treatment of cadmium the motion restricted ventricle caused an increase in the impedance ratio (|ZT|/|ZR|) to higher than 1.0, as in the case of oil-filled ventricle. The epicardial recording of ventricular impedance seems to consist of two components: contraction (shortening)-dependent impedance change and contraction (shortening)-independent impedance change, which reflects the membrane activity. Vigorous contraction will probably mask the latter and reveal only the former.
ventricular motion. Furthermore, we discussed the influence of the ventricular shortening on the electrical impedance mathematically. Thus, it became clear that the impedance of the in situ heart had two components: contractiondependent one, whose change corresponded to the shortening of the ventricle, and contraction-independent one. This will provide not only the basic knowledge to the impedance plethysmography of the chest, which aims to measure cardiac output or contraction (KUBICEK et al., 1970; LABABIDI et al., 1970) , but also the nature of cardiac muscle membrane (DE MELLO, 1972) .
Preliminary accounts of this work are given elsewhere (HAYASHI et al., 1978) . difficult because the ECG showed much larger amplitude than did the sinusoidal voltage signal. This difficulty was eliminated in the following way. Sinusoidal voltage signal (100 or 1,000 Hz) was first superimposed on ECG, and was stored in channel A of a digital wave memory (NF SID-2961). Then, only the ECG was stored in channel B of the wave memory. The sinusoidal voltage signal was obtained by subtracting the signal of Ch. B from that of Ch. A, and was displayed on a cathode-ray oscilloscope (Tektronix 564B-3A3-2B67) and on a pen writer chart (YEW 3078). The features of this new V-I method are as follows: (1) Impedance changes for one cardiac cycle are obtained at one time. This requires much shorter time than the bridge method. (2) Phase shift, which is inevitably . Relationship between impedance and electrode distance of an in situ frog ventricle. Impedance was measured by the V-I method and expressed as the ratio of that around T-wave to that just after the R-wave. Electrode distance was measured from a cinefilm and expressed as the ratio in the similar manner to the impedance. Closed circle: control heart. Open circle: heart filled with mineral oil. Linear regression line (solid line) for control hearts is drawn by using the least square method.
MATERIALS AND METHODS
Hypothetical regression line (y=x) is represented by a broken line. Vol.29, No.3, 1979 In Fig. 5 , the horizontal and vertical axes illustrate the impedance and the distance between recording electrodes of an in situ normal ventricle (closed circle), respectively, and the relationship between them is summarized . The data of both impedance and distance are standardized (namely, the data just before the T-wave is divided by those immediately after the R-wave of the same cycle). The regression line obtained by the least square method is y=0.408x+ 0.558 (correlation coefficient, 0.86; standard error of correlation coefficient , 0.10; significant correlation). As this regression line does not coincide with a hypothetical line (y=x),* it is estimated that even though there is a relationship between impedance and distance, at least one more factor is also involved in this relation (see DISCUSSION).
Impedance curve of motionless ventricle
If impedance change during a cardiac cycle in moving ventricle is mainly caused by its shortening, the pattern of impedance change should be changed by forced restriction of shortening. This type of experiment was performed first by replacing intraventricular Ringer's solution for mineral oil under the Stannius' second ligature condition. The ventricle was electrically stimulated, and motion of ventricle was almost ceased (isovolumetric contraction) though ECG still existed. Fig. 6 . Electrocardiogram (upper trace) and impedance measured by the V-I method (lower trace) of an in situ frog ventricle filled with mineral oil. The heart was ligated at both aorta and atrioventricular groove. The ventricle was driven at 1.6 sec interval. The same preparation as that appeared in Fig. 3 . Note no appreciable change in impedance during a cardiac cycle.
The slope of the actual regression line is different from that of the hypothetical one
The point on the actual regression line (x, y) is different from that on the hypothetical line (x,x) (Z1=-9.39, p<0.01) (KAWADA and MARUYAMA, 1963) . IMPEDANCE   CHANGE OF HEART 259 Figure  6 shows to the maximum was 0.77 in this case. In contrast, in the isometric contraction, which was forced to be motionless, no appreciable change in impedance was observed during one cardiac cycle. The impedance ratio under isometric contraction measured by the same manner to the isotonic contraction was 0.97.
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DISCUSSION
The impedance of a nervous cell or tissue decreased remarkably during its action potential (COLE and CURTIS, 1938; TASAKI and HAGIWARA, 1957) . This was due to the transient increase in permeability of sodium ion and delayed increase of potassium ion (HODGKIN and HUXLEY, 1952) . On the other hand, WEIDMANN (1951) observed an increase in impedance during the plateau phase of a sheep heart by the intracellular electrode technique. We expected from the analogy of the experiment of Weidmann that the extracellulary recorded impedance of the in situ heart might also increase during QT-interval. However, our results on in situ moving heart was quite opposite to this expectation: the impedance just before T-wave was the minimum during the cardiac cycle.
The results of impedance measurement of previous investigators were contradictory; the results of ROSENBLUETH and DEL Pozo (1943) agreed with ours on the impedance increase during systole on a motionless ventricle. CRANE-FIELD et al. (1951 ), RUSHMER et al. (1953 ), and MURATA (1956 10A ).
We postulate the following 4 assumptions :
(1) the shape of the strip is cylindrical regardless of shortening;
(2) the total volume of the strip is not altered by shortening; The difference may be ascribed to the increase in membrane impedance at terminal phase of plateau. The ratio of the minimum membrane resistance (around rising phase) to the maximum one (around terminal phase of plateau) during a cardiac cycle in a sheep Purkinje fiber was approximately 300 (WEIDMANN, 1956) . However, in our experiment was 1.1 at most (Fig. 5, Fig. 8, and 
